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Abstract

A method for quantitative determination of styrene dimer and trimer, which are suspected as endocrine
disruptors, in foods and containers was studied. For residual contents of styrene dimer and trimer in two-
kinds of containers, which contained instant noodle and yogurt, sample pieces were completely dissolved in
tetrahydrofuran. The polymer was precipitated with n-hexane, a portion of supernatant was concentrated for
analysis. A sensitive method was also optimized for the quantification of styrene dimer and trimer in foods
such as instant cup noodle and yogurt by using GC/MS. Limits of Detection were about 3.2-87.0 ppb for
styrene dimers and trimers. The highest recovery was obtained by extraction with acetone/hexane(l : 1),
followed by florisil clean-up. The levels of styrene dimer and trimer migrated by food simulants were much

higher in heptane.
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Fig. 1. Analytical method for residual styrene dimers and trimers in polystyrene packaging materials.
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Fig. 2. Preparation method for analysis of styrene dimer and trimer in foods.
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Fig. 3. GC/MS-TIC (total ion chromatogram) of cup noodle container extract.

D-1: 1,3-Diphenylpropane, D-2: cis-1,2-Diphenylcyclobutane, D-3: 2,4-Diphenyl-1-butene, D-4: trans-1,2-Diphenyl-cyclobutane,
T-1: 2,4,6-Triphenyl-1-hexene, T-2: 1-Phenyl-4-(1'-phenylethyl)tetralin, T-3: 1-Phenyl-4-(1'-phenylethyl) tetralin(2 isomers), T-4: 1-
Phenyl-4-(1'-phenylethyl)tetralin, T-5: Triphenylcyclohexane, T-6: Styrene trimer(unknown isomer), T-7: Styrene trimer(unknown

isomer)

Fig. 4. Representative mass spectra of styrene dimer(A), trimer(B) and internal standard(C).
A: cis-1,2-Diphenylcyclobutane(D-2), B: 2,4,6-Triphenyl-1-hexene(T-1), C: Methy! tridecanoate
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Table 1. List of investigated styrene dimers and trimers with their characteristic fragment ions

. . . . Selected ion for

Code Chemical Name Molecular weight Characteristic fragment ion SIM analysis
D-1 1,3-Diphenylpropane 196 92,105,196 196

D-2 cis-1,2-Diphenylcyclobutane 208 104,208 208

D-3 2,4-Diphenyl-1-butene 208 91,208 208

D-4 trans-1,2-Diphenylcyclobutane 208 104, 208 208

T-1 2,4,6-Triphenyl-1-hexene 312 91, 117, 194, 207, 312 207

T2 1-Phenyl-4-(1'-phenylethyl)tetralin 312 91, 105, 129, 207, 312 207

T3 1-Phenyl-4-(1'-phenylethyltetralin (2 isomers) 312 91, 105, 129, 207, 312 207

T-4 1-Phenyl-4-(1'-phenylethyl)tetralin 312 91, 105, 129, 207, 312 207

T-5 Triphenylcyclohexane 312 91, 104, 208, 312 104

T-6 Styrene trimer (unknown isomer) 312 91, 129, 207, 312 207

T7 Styrene trimer (unknown isomer) 312 91, 129, 207, 312 207

Table 2. Residual contents of styrene dimers and trimers in polystyrene cup noodle container and yogurt bottle

Sample Residues (ug/g) Sum of Residues (jtg/g)
amp D1_D2 D3 D4 TI T2 T3 T4 T5 T6 T7 Dimers Trimers Total
C:&gﬁ::e 51.5 1353 1335 6703 1603.6 2613.1 52475 15032 163.6 6529 251.1 990.6 120350130256

Yogurt bottle

1024 543 4724 2035 15374 24225 51080 1359.8 1430 615.1

2266 832.6 114124122450
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Fig. 6. GC/MS-SIM(selected ion mode) chromatograms of cup noodle container extract.

D-1: 1.3-Diphenylpropane, D-2: cis-1,2-Diphenylcyclobutane, D-3: 2,4-Diphenyl-1-butene, D-4: trans-1,2-Diphenyl-cyclobutane,
T-1: 2,4,6-Triphenyl-1-hexene, T-2: 1-Phenyl-4-(1'-phenylethy)tetralin, T-3: 1-Phenyl-4-(1'-phenylethyl) tetralin(2 isomers), T-4: 1-
Phenyl-4-(1'-phenylethyl)tetralin, T-5: Triphenylcyclohexane, T-6; Styrene trimer(unknown isomer), T-7: Styrene trimer(unknown

isomer)
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Table 3. Recovery(%) for each solvent used in extracting cup noodle sample under method 3 in Fig. 2

Solvent Hexane Dichloromethane Ether Acetone/Hexane(1 : 1)

S?y::;le Spiked* Detected Recovery Detected Recovery Detected Recovery Detected  Recovery
(ppb) (ppb) (%) (ppb) (%) (ppb) (%) (ppb) (%)
D-1 86 13 15 45 52 69 80 18 21
D-2 226 106 47 138 61 163 72 186 82
D-3 223 71 32 78 35 91 41 136 61
D-4 1117 380 34 443 40 555 50 808 72
T-1 2673 339 13 1262 47 1016 38 1369 51
T2 4355 1564 36 1657 38 1908 44 2538 58
T3 8746 3247 37 3424 39 3875 44 5331 61
T4 2505 993 40 1071 43 1218 49 1620 65
T-5 273 163 60 140 51 148 54 195 72
T-6 1088 467 43 478 44 611 56 819 75
T7 419 103 24 202 48 156 37 339 81
Dimers 1652 569 34 703 43 877 53 1148 70
Trimers 20059 6875 34 8233 41 8933 45 12212 61
Total 21711 7444 34 8937 41 9810 45 13361 62

*Cup noodle container extract diluted.

Table 4. Recovery(%) for each solvent used extracting yogurt sample under method 1 in Fig, 2

Solvent Hexane Dichloromethane Ether Acetone/Hexane(1 : 1)

S?y:::e Spiked* Detected Recovery Detected Recovery Detected Recovery Detected  Recovery
(ppb) (ppb) (%) (ppb) (%) (ppb) (%) (ppb) (%)
D-1 26 9 33 12 47 27 104 8 33
D-2 68 32 47 44 65 34 51 52 76
D-3 67 70 104 73 109 77 115 81 121
D4 335 233 70 257 77 332 99 251 75
T-1 802 549 68 584 73 562 70 621 77
T2 1307 832 64 867 66 923 71 926 71
T3 2624 1563 60 1805 69 1814 69 1923 73
T4 752 464 62 546 73 518 69 618 82
T5 82 58 71 66 80 64 78 71 86
T-6 326 231 71 284 87 255 78 275 84
T7 126 95 75 125 99 92 73 105 83
Dimers 496 344 69 386 78 471 95 393 79
Trimers 6019 3792 63 4277 71 4230 70 4538 75
Total 6515 4135 63 4663 72 4700 72 4931 76

*Cup noodle container extract diluted.
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Table 5. Recovery(%) for each method in Fig. 2 on cup noodle extraction

Method Method 1 Method 2 Method 4
Styrene Spiked*(ppb) Detected(ppb) Recovery(%) Detected(ppb) Recovery(%) Detected(ppb) Recovery(%)
D-1 86 110 128 25 29 45 53
D-2 226 207 92 95 42 188 83
D-3 223 259 116 125 56 211 94
D-4 1117 1087 97 662 59 997 89
T 2673 3243 121 1479 55 2201 82
T2 4355 4353 100 2440 56 3518 81
T3 8746 8827 101 5136 59 7063 81
T4 2505 2677 107 1577 63 2217 89
T-5 273 268 98 215 79 248 91
T-6 1088 1456 134 637 59 1021 94
T-7 419 509 121 401 96 382 91
Dimers 1652 1663 101 907 55 1441 87
Trimers 20059 21333 106 11885 59 16650 83
Total 21711 22996 106 12792 59 18091 83

*Cup noodle container extract diluted.
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o 2&3 AY Adelr) 240 1L $EFHE
styrene dimer $ trimer®] <2 ¥|FA F7]4wlq
heptaned Wl 7P ¥-& $Eoldvt. ¢ AAAH
ofiAje} o] RFE2E L) Hupd 47] BF vl
g 39 styrene dimer$} wrimer?} AA Fof] L3
dou}, £ 4343 Aol LUE polystyrene 2
k= W 374 polystyrene®] 7A-§7} © W %] &
ZH . ol HEAA polystyrenedl] $-F-¥ Adsf
9] mRAdRo] Bufel] ]sle] HfrF o], styrene dimer
Slwimer?] 4&& §7] W¥2E AR 19
v 95°ColiAN EE £EAFE el et 87
A%t D-1, D-3, T1, ¥ T3] 14~49pugl HEZ £
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Table 6. Migration of styrene dimers and trimers from cup noodle container and yogurt bottle into food simulants

Residues (ug/L.)
Sample y ;lf n@e container - AYo‘gun bottle
CSim(li{lgnt Water g 20%Ethanol  Heptane Water e " 20%Ethanol Heptane
ti o . . o . . . .
onditton  95°C/30 min 95°C/30 min 60°C/30 min 25°C/60 min  60°C/30 min 60°C/30 min 60°C/30 min 25°C/60min
D-1 ND* ND ND 7.7 ND ND ND 184
D-2 ND 16.5 ND 252 ND ND ND 125.8
D-3 16 4.0 ND 17.6 ND ND ND 48.1
D-4 43 18.3 ND 71.4 ND ND ND 355.8
T1 4.6 32 8.0 84.6 ND 109.4 26.7 986.2
T2 23 34 2.5 99.0 ND 85.4 31.8 1655.4
T3 49 6.9 47 217.2 ND 176.4 56.2 3320.0
T4 1.4 1.5 ND 67.4 ND 53.8 16.9 34
T5 ND ND ND 17.6 ND 10.9 02 2448
T-6 ND ND ND 27.8 ND 34.6 ND 4428
7 ND ND ND 132 ND ND ND 165.6
Dimers 59 39.7 ND 1219 ND ND ND 548.1
Trimers 13.2 15.0 152 526.8 ND 425.0 114.7 7794.6
Total 19.1 54.7 152 648.7 ND 4250 1147 8342.7

*ND:not detectable.

2935, ox $3 L5 4AH02 290 o
2oz YRS,

2 <%

Polystyrene A £7] ol $-f-d 014 Aol3=
249l styrene dimer ¥ trimer®] ¥4 Wyl e
Wy QF2E G7|2HE AFoE oy FE A
gl e A7sige AW 5 styrene dimers}
trimer?] ¥22 AL tetrahydrofurancl] £H43 43
A2 ¥, n-hexaned o]g-3le] TEAEA g ME
AlA AAFLEN BAHoR AT 4 qlddw A
ERML GOMS SIM-modeE o] &3228 32-87
ppb FEel vIsF BMe| sisEsic E@HAlE T4
AP A Ao 2 flrorisil WY TN 80% A=)
=2 3582 eMIY, hexane ¥£3} acetonitrile
v A& AXEM A3 Ao 2d 87
2E9] AS, MM #A glo] & F 2 Y
o] 7Fg3ldet. 5% ful2 el d3ledi= acetone/
hexane(1 : 1) e] 80% AE9] 714 ¥ F5EL
Hon, Q72 Eo] o3| acetone/hexane(l : 1%
a}l o}uja}, dichloromethane, etherg-oi|A] w8k 34
Fo] doigoh

PEDER PR

uble (@] W& HMP-99-F-06-0001, A1E35 7+& ¢
8 8219 s Hrlel B wWklE Yo w4
Tl &Jsle] e A7 A YA olo el
A=ghvd.
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